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g.2012.0Abstract In view of the signiﬁcant negative impact of bioﬁlm mediated infection on patient health
and the necessity of a reliable phenotypic method for detecting bioﬁlm producers, this study aimed
to determine bioﬁlm producing ability and presence of icaAD gene in clinical staphylococcal isolates
as well as to assess the reliability of two phenotypic methods used for detection of bioﬁlm. A total of
50 staphylococcal strains were isolated from 124 clinical specimen (94 intravascular catheters and 30
blood samples) collected from in-patients at Pediatric Hospital of Ain Shams University. Two phe-
notypic methods were used for detection of bioﬁlm production; qualitative Congo red agar (CRA)
and quantitative Microtiter plate (MTP). PCR was used to determine the presence of icaAD gene.
Bioﬁlm production was detected in 23(46%) isolates by CRA and MTP, however, both methods
correlated only in 10(20%) of isolates. The icaAD gene was detected in 16(32%) staphylococcal iso-
lates. Correlating phenotypic methods with icaAD gene detection, only 8(50%) of the icaAD posi-
tive staphylococci were positive by MTP, while 5(31%) were positive by CRA method.
Unexpectedly, 15(30%) and 18 (36%) of the isolates were icaAD negative while MTP and CRA
positive, respectively.
In conclusion, despite the presence of icaAD gene, it does not always correlate with in vitro bio-
ﬁlm formation. The bioﬁlm-forming ability of some isolates in absence of icaAD gene highlights the
importance of further genetic investigations of ica independent bioﬁlm formation mechanisms.
Comparing phenotypic methods, MTP remains a better tool for bioﬁlm screening.
 2012 Ain Shams University. Production and hosting by Elsevier B.V. All rights reserved.6545915.
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Bioﬁlm-mediated infections in the hospital environment have
a signiﬁcant negative impact on patient health and place an
enormous burden on the resources of the health services [1].
Staphylococcus aureus (SA) together with Staphylococcus
epidermidis are a common cause of bioﬁlm-mediated life-
threatening infections associated with intravenous catheters,
artiﬁcial heart valves, and prosthetic joints [2]. The ability
of nosocomial pathogens to form bioﬁlms is of signiﬁcant
clinical interest, as bioﬁlm formation makes the organisms
more resistant to antibiotics and host defenses [2,3] and thus
inﬂuences the subsequent outcome of an infection [4]. Fur-
thermore, the colonized devices may become the focus of
infection and can cause localized and generalized infections
[5].
The ability of bacteria to aggregate and form bioﬁlm is
strictly related to the capacity of producing an extracellular
mucoid substance: the slime, whose main component is of
polysaccharide nature and consists of glycosaminoglycans
[6]. Development of bioﬁlm is considered to be a two step pro-
cess; ﬁrst, the bacteria adhere to a surface mediated by a cap-
sular antigen, namely capsulare polysaccharide/adhesin (PS/
A), second, the bacteria multiply to form a multilayered bio-
ﬁlm, associated with production of polysaccharide intercellular
adhesin (PIA) which mediates cell to cell adhesion [7].
It has been shown that both SA and S. epidermidis contain
the intercellular adhesion (ica) operon responsible for slime
production. This operon contains the icaADBC genes, in addi-
tion to the icaR gene which exerts a regulatory function.
Among ica genes, the icaA and icaD have been reported to a
play a signiﬁcant role in bioﬁlm formation. The icaA gene en-
codes N-acetylglucosaminyltransferase, the enzyme involved in
PIA synthesis. Further, icaD has been reported to a play a crit-
ical role in the maximal expression of N-acetylglucosaminyl-
transferase, leading to the full phenotypic expression of the
capsular polysaccharide [4,8].
Early detection and management of bioﬁlm-forming staph-
ylococci can be one of the essential steps towards prevention
and management of device-associated nosocomial infections.
Thus there is a need to evaluate a simple reliable phenotypic
method for detection of bioﬁlm producers [5].
The purpose of the present study was to determine the bio-
ﬁlm producing ability and the presence of the icaAD gene in
Staphylococci isolated from blood and intravascular catheters
of in-patients at Pediatric Hospital of Ain Shams University
as well as to assess the reliability of two phenotypic methods
used for detection of bioﬁlm; Congo red agar method and
microtiter plate method.
2. Materials and methods
2.1. Specimens
One hundred and twenty-four clinical samples (94 intravascu-
lar catheters and 30 blood sample) were collected from patients
hospitalized at Pediatric Hospital of Ain Shams University
during the period from June 2009 to August 2010. Samples
were processed and cultured and isolates were identiﬁed
according to Mermel et al. [9] and Cheesbrough [10].2.2. Bacterial isolates
A total of 50 non-repetitive staphylococcal strains were iso-
lated and identiﬁed from 124 clinical samples. Identiﬁcation
of SA and coagulase negative staphylococci (CoNS) was based
on colony morphology, Gram stain, catalase and coagulase
tests. The isolates were stored in brain heart infusion (BHI)
broth, to which 15% sterile glycerol was added, at 20 C.
2.3. Bioﬁlm formation
Two phenotypic methods were used for detection of bioﬁlm
production of all the staphylococcal isolates; one qualitative
(Congo red agar method) and one quantitative (Microtiter
plate method).
2.3.1. Congo red agar (CRA) method
According to Freeman et al. [11], the CRA medium was pre-
pared with 37 g/l BHI broth, 50 g/l sucrose, 10 g/l agar, and
0.8 g/l Congo red. Congo red stain was prepared as a concen-
trated aqueous solution and autoclaved at 121 C for 15 min
separately from other medium constituents, and was then
added when the agar had cooled to 55 C. Plates were inocu-
lated and incubated at 37 C for 24 h. The plates were in-
spected for the color of the colonies at 24 and 48 h. A
positive result was indicated by black colonies whereas non-
producing strains developed red colonies. The Congo red dye
directly interacts with certain polysaccharides, forming colored
complexes or more likely some metabolic changes of the dye to
form a secondary product could play a more important part in
the formation of dark colonies [5,8].
For colonies color evaluation, a four-color reference scale
was used according to Satorres and Alcara´z [12]: black and
bordeaux almost black were classiﬁed as bioﬁlm-producers,
while bordeaux and red as non-bioﬁlm-producing strains. This
method was performed in triplicate.
2.3.2. Microtiter plate (MTP) method
This method was carried out to according to Stepanovic et al.
[13]. Staphylococcal strains were grown overnight at 37 C in
BHI supplemented with 2% sucrose. The culture was adjusted
to to 0.5 McFarland then diluted 1:100 in fresh medium. Indi-
vidual wells of sterile, polystyrene, 96-well, ﬂat-bottomed tis-
sue culture plates (TPP – Switzerland) were inoculated with
200 ll of the diluted culture then incubated. After 24 h incuba-
tion at 37 C, the contents of each well were removed by
decantation and each well was washed three times with
300 ll of phosphate buffered saline (to remove free-ﬂoating
‘‘planktonic’’ bacteria). Bioﬁlms formed by adherent ‘‘sessile’’
organisms were heat-ﬁxed by exposing them to hot air at 60 C
for 60 min, then 150 ll crystal violet (2%) stain was added to
each well. After 15 min, the excess stain was rinsed off by
decantation and the plate was washed and left to dry.
Quantitative analysis of bioﬁlm production was performed
by adding 150 ll 95% ethanol to each well, and after 30 min,
the optical densities (OD) of stained adherent bacterial ﬁlms
were read using a microtiter-plate reader (Tecan Sunrise Re-
mote, Austria) at 570 nm. Each assay was performed in tripli-
cate. As a negative control, uninoculated medium was used to
determine background OD. The average OD values were
Figure 1 Gel electrophoresis indicating the presence pf icaAD
gene (407 bp). M: molecular size marker.
Bioﬁlm formation and icaAD gene in staphylococcal isolates 271calculated for all tested strains and negative controls, the cut-
off value (ODc) was established. It is deﬁned as a three stan-
dard deviations (SD) above the mean OD of the negative con-
trol: ODc = average OD of negative control + (3 · SD of
negative control). ODc value was calculated for each microti-
ter plate separately. When a negative value was obtained, it
was presented as zero, while any positive value indicated bio-
ﬁlm production. For interpretation of the results, strains were
divided into the following categories:
1. OD 6 ODc = Non bioﬁlm producer (0).
2. ODc < OD 6 2 · ODc =Weak bioﬁlm producer (+ or 1).
3. 2 · ODc < OD 6 4 · ODc =Moderate bioﬁlm producer
(++ or 2).
4. 4 · ODc < OD= Strong bioﬁlm producer (+++ or 3).
2.4. Polymerase chain reaction (PCR) for ampliﬁcation of
icaAD gene
DNA was extracted from all staphylococcal isolates using bac-
teria DNA preparation kit (Jena Bioscience, Germany)
according to manufacturer’s instructions. Ampliﬁcation of
the icaAD gene was done according to Yazdani et al. [7] using
speciﬁc primers: 50 TATTCAATTTACAGTCGCAC 30 and 50
GATTCTCTCCCTCT-CTGCCA 30, yielding a PCR product
of 407 base pairs (bp). These primers were designed from the
published gene bank sequences (locus AF086783). The reac-
tion mixture (25 ll) contained 2.5 mM MgCl2, 1 U of Taq
DNA polymerase, 100 lM of each dNTPs, 1 lM of each prim-
ers and 200 ng of DNA sample.Table 1 Results of bioﬁlm production in staphylococcal isolates ac
Isolates (n) No. (%) of isolates
MTP
No Weak Moderate
SA (44) 23(52.3) 3(6.8) 5(11.4)
CoNS (6) 4(66.6) 1(16.6) 1(16.6)
Total (50) 27(54) 4 (8) 6 (12)DNA ampliﬁcation was carried out in a thermocycler
(Gene Amp PCR System 9700, Applied Bio system, Singapore)
with the following thermocycler proﬁle: an initial denaturation
step (2 min at 94 C) followed by 30 cycles of ampliﬁcation
(denaturation at 94 C for 30s, annealing at 58 C for 30 s
and elongation at 72 C for 30 s) terminated with a 3 min incu-
bation step at 72 C. After ampliﬁcation, 10 ll of PCR product
was analyzed by electrophoresis in 2% agarose gel stained with
ethidium bromide (0.5 lg/ml) and visualized under UV trans-
illumination. The Gene Ruler 100 bp DNA ladder was used
as a DNA size marker (Fig. 1).
2.5. Statistical analysis
Data were presented as count and percent. The sensitivities,
speciﬁcities, positive predictive values (PPV) and negative pre-
dictive values (NPV) of the phenotypic methods for BF pro-
duction were calculated as described by Ilstrup [14].3. Results
A total of 50 staphylococcal isolates were recovered from 124
clinical specimens (intravascular catheters and blood samples)
of which 44 (88%) were SA and 6 (12%) were CoNS. Twenty-
ﬁve strains (50%) were isolated from each of intravascular
catheters (21SA and 4CoNS) and blood (23 SA and 2 CoNS).
The results of bioﬁlm production by staphylococci by MTP
(quantitative) method and CRA (qualitative) method are dem-
onstrated in Table 1. In MTP method, bioﬁlm production was
detected in 23 (46%) of the 50 staphylococcal isolates with dif-
ferent intensities; 13 (26%) isolates were strong producers, 6
(12%) isolates were moderate and 4 (8%) isolates were weak
bioﬁlm producers, whereas 27 (54%) were non bioﬁlm produc-
ers. By CRA method, 23 (46%) were also positive for bioﬁlm;
however, CRA method showed little correlation with MTP as-
say where only 10 (20%) of the isolates were positive by both
the MTP and CRA methods (Table 2).
As regards staphylococci isolated from intravascular cathe-
ters, 14 (56%) were bioﬁlm producers by CRA while 8 (32%)
were positive by MTP.
The icaAD gene was detected in 16 (32%) staphylococcal
isolates while 34 (68%) did not possess such gene. Correlating
the phenotypic bioﬁlm production methods with icaAD gene
detection; of the 16 icaAD positive staphylococcal isolates,
only 8 (50%) were positive by MTP, while only 5 (31%) were
positive by CRA method. Unexpectedly, 15 (30%) and 18
(36%) of all the isolates were icaAD negative and produced
bioﬁlm by MTP and CRA methods, respectively. When com-
pared to PCR, the sensitivity and speciﬁcity of MTP methodcording to MTP and CRA methods.
CRA
Strong Total +  +
13(29.5) 21(47.7) 24(54.5) 20(45.5)
0 (0) 2(33.3) 3(50) 3(50)
13(26) 23(46) 27(54) 23(46)
Table 2 CRA versus MTP methods for detection of bioﬁlm
production by staphylococcal isolates.
MTP
+ 
CRA
+ (23) 10 13
 (27) 13 14
Total (50) 23 27
272 R.A. Nasr et al.in bioﬁlm detection were 50% and 55.88%, respectively, while
those of CRA method were 31.25% and 47.05%, respectively
(Table 3).
4. Discussion
The ability of staphylococci to form bioﬁlms helps the bacte-
rium to resist host immune response and is considered respon-
sible for chronic as bioﬁlm protects microorganisms from
opsonophagocytosis and antimicrobial agents [15]. In view of
the large number of infections caused by bioﬁlm producing
bacterial, a reliable method for their diagnosis is necessary [16].
The MTP assay is most widely used and was considered as
standard test for detection of bioﬁlm formation [17,18]. This
method has been reported to be most sensitive, accurate and
reproducible screening method for determination of bioﬁlm
production by clinical isolates of staphylococci and has the
advantage of being a quantitative tool for comparing the
adherence of different strains [17,19]. Together with its capac-
ity to examine a large number of isolates simultaneously, was
the reason for its use in our study.
In the current study, of the 50 staphylococcal isolates from
blood and intravascular catheters, bioﬁlm production was
found in 46% with different intensities by MTP method and
26% of isolates were strong producers, 12% were moderate
and 8% were weak bioﬁlm producers while in 54% no bioﬁlm
was formed. In the study of Mathur et al. [17] 57.8% of staph-
ylococcal clinical isolates displayed a bioﬁlm-positive pheno-
type and 14.47% and 39.4% exhibited high and moderate
bioﬁlm formation, respectively, while in 46% of isolates weak
or no bioﬁlm was detected.
Yazdani et al. [7] also reported that 52% of SA isolated
from wound infection was positive bioﬁlm forming, while Jain
and Agarwal [5] demonstrated that 78% of SA and 52.7% of
CoNS isolated from blood and intravascular catheters were
bioﬁlm positive. A higher rate of bioﬁlm formation was dem-
onstrated by Gad et al. [18] where 83.3% of SA and 88.6% ofTable 3 Statistical evaluation of the phenotypic bioﬁlm production
isolates.
Method ica+ ica Sensitivity (%)
MTP
+ 8 15 50
 8 19
CRA
+ 5 18 31.25
 11 16S. epidermidis isolated from urinary tract catheterized patients
produced bioﬁlm by the MTP assay.
As regards CRA method, 46% staphylococcal isolates in
this study produced bioﬁlms, which agrees with the ﬁndings
of Satorres and Alcara´z [12] where 41.3% of the staphylococci
isolated from blood and intravenous catheters were bioﬁlm
producers. In the study of Arslan and O¨zkarde [20], CRA
method demonstrated positive results in 38.5% of staphylo-
cocci isolated from clinical specimens.
Concerning staphylococci isolated from intravascular
catheters, 56% were bioﬁlm producers by CRA while where
32% were positive by MTP. In the study of Satorres and Al-
cara´z [12] 47% of staphylococci from intravascular catheters
were bioﬁlm positive by CRA method while Jain and Agar-
wal [5] reported a higher rate where 64% and 68% of staph-
ylococcal intravascular isolates were bioﬁlm producers by
CRA method and MTP methods, respectively. The colonized
device represents a major risk as it may become the focus of
localized and generalized infections, besides, intraluminal col-
onization has been reported as the major source for the
migration of organisms leading to bloodstream infections
[5,21].
When comparing the results of both CRA with MTP meth-
od, although 46% of the total staphylococcal isolates were po-
sitive by both methods, yet they correlated only in 10 (20%)
isolates. A low correspondence between both methods was also
demonstrated by Marthur et al., [17] where screening on CRA
did not correlate with MTP results except for 8/152 (5.2%) of
staphylococcal isolates. On the other hand, better correlation
between both methods were reported by other investigators
where all staphylococci positive by one test were also positive
by the other in the study of Caﬁso et al. [22]. Yazdani et al. [7]
also reported that 2 of 27 SA strains produced black colonies
on CRA were bioﬁlm negative on MTP.
Earlier studies proposed CRA method as an alternative to
MTP method for screening staphylococcal isolates for bioﬁlm
production [23,24] being rather easy to perform, less time tak-
ing, sensitive and speciﬁc. However, our ﬁndings conﬁrm what
was concluded by Mathur et al., [17] that CRA method can not
recommended for detection of bioﬁlm formation by staphylo-
coccal clinical isolates.
Several studies have shown that formation of bioﬁlm in
staphylococci causing catheter associated and nosocomial
infections is associated with the presence of both icaA and
icaD genes [8,12,18,25]. Coexpression of these genes is neces-
sary for the full phenotypic expression of bioﬁlm in clinical
staphylococcal isolates [8,16,22]. PCR was used in this study
for ica genes detection as a reference for the phenotypic meth-
od based on several studies [8,16,18,22].methods compared to detection of icaAD genes in staphylococcal
Speciﬁcity (%) PPV (%) NPV (%)
55.88 34.78 70.37
47.05 21.73 59.25
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isolates in the present study. Satorres and Alcara´z [12] also re-
ported that of all staphylococci isolated from blood and intra-
vascular catheters, 42.2% were positive for icaA and icaD
genes, while ica-operon was identiﬁed in 45% of S. epidermidis
isolates from catheter-related and other nosocomial infections
in the study of Caﬁso et al. [22]. On the other hand, other stud-
ies showed that the ica gene was detected in all SA isolated
from patients suffering of bacteremia with prosthetic joints
[26] and wound infection [7].
Correlating the phenotypic bioﬁlm production methods
with presence of icaAD gene, 50% of the icaAD positive staph-
ylococcal isolates were positive by MTP, while 31% formed
bioﬁlm by CRA method. A good correspondence between
the phenotypic characterization methods and ica genes pres-
ence was reported by Aricola et al. [8] and Gad et al. [18] where
all staphylococcal bioﬁlm producing strains were positive for
icaA and icaD. In addition, in the study of Satorres and Alcar-
a´z, [12], only one out of 65 staphylococci was found to be bio-
ﬁlm negative by CRA while possessing the icaA and icaD
genes.
However, in accordance with our ﬁndings, other studies
demonstrated that the presence of the ica genes did not always
correlate with bioﬁlm production. De Silva et al. [27] reported
that only 59% of S. epidermidis strains positive for the ica op-
eron were bioﬁlm producers by CRA method. In correlating
also to MTP method, Caﬁso et al. [22] demonstrated that
83.3% of the ica-positive isolates produced bioﬁlm by both
methods, while Yazdani et al. [7] reported that only 54%
and 52% of ica-positive strains were also positive by CRA
and MTP methods, respectively.
Some authors attributed the absence of bioﬁlm production
in some staphylococcal isolates despite the presence of the ica
operon to the insertion of a 1332-bp sequence element, known
as IS256, in icaA causing its inactivation [23,28,29]. However,
the transposition of IS256 into the ica operon has been found
to be a reversible process as after repeated passages of the PIA-
negative insertional mutants, the bioﬁlm-forming phenotype
could be restored [30]. Caﬁso et al. [22] also proposed that
the product of icaR gene (a regulator gene which seems to
function as a repressor) [4] could inﬂuence transcription of
the ica operon. Nevertheless, irrespective of ica genes expres-
sion, ica-positive isolates should be considered to be potential
bioﬁlm producers [16].
Unexpectedly, 30% and 36% of the study isolates were ica-
AD negative and produced bioﬁlm by MTP and CRA meth-
ods, respectively. Although, Arciola et al. [31] reported that
(icaA/icaD+)/MTP strains represented 8%, however (icaA/
icaD)/MTP+ strains were 16%. In the study of Oliveira
and Cunha Mde [16], one CoNS was classiﬁed as strongly
adherent by MTP assay but did not carry any of the ica genes.
In an attempt to explain these unexpected ﬁndings,
some investigators reported the presence of certain genes in
ica-negative bioﬁlm-forming staphylococci, the accumulation-
associated protein (aap) [32] and Bap homolog protein (bhp)
genes [33]. These genes were found to induce an alternative
PIA-independent mechanism of bioﬁlm formation. However,
Qin et al. [34] studied two bioﬁlm-positive/ica-negative strains
of S. epidermidis and they did not detect these two genes. These
authors suggested a novel molecular mechanism mediating
bioﬁlm formation in these two clinical isolates. They assumed
that the bioﬁlm-positive/ica-negative strain represents a newlyemergent subpopulation of clinical strains, arising from selec-
tion by antibiotics in the nosocomial milieu, especially that
epidemiological data show a tendency towards an increasing
proportion of this subpopulation in staphylococci-associated
infections.
Compared to PCR, sensitivity and speciﬁcity of MTP meth-
od in bioﬁlm detection were 50% and 55.88%, respectively,
while of CRA method were 31.25% and 47.05%, respectively.
A much better ﬁnding was reported by Oliveira and Cunha
Mde [16], where the sensitivity and speciﬁcity of the pheno-
typic methods when compared to ica genes detection were
97.6% and 94.4% for MTP and 89% and 100% for CRA
method. However, these authors concluded that CRA might
be imprecise in the identiﬁcation of positive isolates when com-
pared to molecular analysis of the genes involved in bioﬁlm
production.
In conclusion, though about half of staphylococci isolated
from blood and intravascular catheters were capable of form-
ing bioﬁlm; however, the presence of icaAD gene was not al-
ways associated with in vitro formation of bioﬁlm. On the
other hand, the bioﬁlm-forming ability of some strains in the
absence of icaAD gene highlights the importance of further ge-
netic investigations of ica independent bioﬁlm formation mech-
anisms. Comparing the phenotypic bioﬁlm detection methods,
CRA, although easier and faster to perform, still MTP remains
a better tool for screening of bioﬁlm formation.Acknowledgment
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